The sequence of events in the response of a plant seedling to an environmental stimulus, such as light or gravity, is: (a) membrane depolarization that occurs in as short a time as 8 s following the stimulus (6, 16, 24, 26, 27) ; (b) an asymmetric distribution of IAA occurring in <3 min (4, 5) ; (c) an asymmetric distribution of endogenous calcium in 5 to 10 min (13, 25) ; followed, (d) within an 1 h or less by asymmetric distribution of 42K, 32P (13) , and [14C]glucose (21) . We wish to determine how membrane depolarization can lead to asymmetric distribution of a chemical in a plant stem. For a darkgrown seedling grown in water, all solutes, salts, sugars, and hormones included, originate in the seed and move from seed to shoot through the vascular stele (9) . Thus, to obtain asymmetric distribution of a substance in the cortical tissues, a selective release of solute from stele to cortex must occur. Bandurski et al. (2, 3) (12) concerning the localization of AChE in the area between the cell wall and cell membrane, makes the AChE system a candidate for a regulator of stele to cortex transport. We assayed AChE by means oftwo substrates and determined the sensitivity ofthe activity to known inhibitors of AChE. Finally, we discuss how this enzyme could function in the gravity response of Zea mays.
MATERIALS AND METHODS

Plant Material
Kernels of maize (Zea mays L. cv Stowell's Silver Queen sweet corn, W.A. Burpee Co., Clinton, IA) were soaked for 24 h in running water and germinated in rolled moist paper towels for 4 d in a dark room at 25°C. For extraction of AChE from membranes, 3-d-old corn seedlings were used.
Organ Harvesting
For harvesting of the cortex and stele, the upper portion of 4-d-old shoots was severed at a point 4 mm below the coleoptilar node, and that portion was discarded. The mesocotyl was then nicked, but not cut through, at a point about 14 mm above the junction between shoot and root. The cortex was then slid off the stele, and the 10 mm of cortex and stele (8) . Harvested cortex and stele were incubated for 0, 15, 30, and 60 min in a vial containing 500 ,uL of sodium phosphate buffer (pH 7.5) and 500 AL ofacetylthiocholine chloride (10 mm in buffer) as substrate. After incubation, 200 ,uL of solution was transferred to a vial, and 950 fsL of phosphate buffer and 50 ,uM 5,5'-dithiobis(2-nitrobenzoic acid) were added. The resultant yellow color was read at A412nm after 1 min using a molar extinction coefficient of 13,600 and an identical tube without organs as a control.
Determination of Radioactivity Derived from [1-14C]ACh by Enzymic Hydrolysis
This assay for enzyme activity was based on the separation on a DEAE-Sephadex (acetate) column of the negatively charged labeled acetic acid from the starting substrate [1-'4C] ACh chloride using the general procedure of Leznicki and Bandurski (19) . The reaction mixture included 10 mm of each of 20 steles, 1 mL of phosphate buffer (pH 7.3), 1 gL of 9000 dpm [1_-4CJACh in 50% 2-propanol (specific activity, 55.5 mCi mmol-') and with or without neostigmine as an inhibitor of AChE. Incubation was for 0.5, 2, 4 and 6 h at room temperature. To stop the reaction, 3 mL of 2-propanol was added to the reaction mixture. Next, the organs were ground with liquid N2, and the mixture was centrifuged for 5 min at 1300g. The supernatant fluid was chromatographed on DEAE-Sephadex (acetate). The column was washed with 10 mL of 50% ethanol, and the radioactive acetate was eluted with 5 mL of 5% acetic acid in 50% ethanol. The radioactive solution (1 mL) was counted. Neostigmine bromide (25 and 50 ,M) was used as an inhibitor ofAChE following the method of Fluck and Jaffe (1 1 (27, 000 dpm; 3 gL) was injected into each of 30 corn kernels. The kernels were next pinned to a moistened paper-covered Styrofoam sheet and incubated with the shoots in a vertical position for 2 h. Next, the Styrofoam sheet was rotated so as to move the shoots to a horizontal position for a 90-min gravistimulus. After the gravistimulus, 1 cm of cortices were sectioned into upper and lower halves and harvested. The enzyme assay using radiolabeled ACh was used as described above.
RESULTS
AChE activity on the surface of the dissected cortex and stele of seedlings is illustrated by the data in Table I . AChE activity in the cortex increased as a sigmoidal function of time. The maximum increase of AChE activity of 47 pmol SH mL-1 of tissue was observed at 15 and 30 min incubation time. AChE activity in the stele also increased as a function of incubation time. A maximum increase of AChE activity of 38 pmol SH mL-' of organ extract occurred between 0 and 15 min following the stimulus.
The results of a subsequent study using labeled ACh as substrate and neostigmine as an inhibitor of the activity in steles is shown in Figure 1 Table II demonstrates AChE activity in cell membranes prepared from shoot tissues. The reaction was a nearly linear function of time, and the activity was inhibited 77 to 82% by 35 ,M neostigmine bromide.
The distribution of hydrolytic activity in cortex and stele after a gravistimulus is shown in Table III . The radioactivity derived from hydrolysis of [1-_4C]ACh was found in both cortex and stele but was distributed asymmetrically in the cortex with 58% of the activity found on the lower side and 42% on the upper side after gravistimulus. Incubation Time (h) 
DISCUSSION
ACh is a well-studied chemical transmitter in the synaptic junction causing opening ofcation-selective channels in nerve synapses of animals (7, 15, 17,4 20) . ACh has been detected in a number ofhigher plants (10, 14, 18, 22, 28) . Fluck and Jaffe (11) demonstrated AChE in 23 species from the following five families: Characeae, Cruciferae, Graminae, Leguminosae, and Solanaceae. They also demonstrated that the hydrolytic activity was inhibited by neostigmine, a recognized inhibitor of AChE.
The present data are insufficient to conclude that ACh and AChE are, or are not, involved in the tropic response of plants. Nonetheless, the occurrence of ACh and AChE in plants together with its localization at the cell wall-membrane interface (12) is suggestive of some function. In the present work, we demonstrated that AChE activity occurs at the Figure 2 .
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